Modeling of ordered foam topologies with maximal stiffness by Berger, Jonathan
Society of Engineering Science 51st Annual Technical Meeting
1–3 October 2014
Purdue University, West Lafayette, Indiana, USA
Modeling of ordered foam topologies with maximal stiffness
Berger, Jonathan, berger@engineering.ucsb.edu, UCSB
ABSTRACT
Recent advances in direct manufacturing open the door for promising materials, such as ordered structural foams. 
Reduced bending in closed cell stochastic foams, compared with open cell, gives rise to substantially higher stiff-
ness and strength. Closed cell ordered foams similarly outperform lattice materials and can achieve theoretical 
bounds for stiffness (Hashin and Shtrikman, 1963). Mechanical models for the stiffness of foams (Gibson, 1989 & 
Grenestedt, 1999) and theoretical bounds are used as metrics to compare a variety of topologies. Representative 
volume element  fi nite element modeling  is used to calculate strain energy distributions to identify topological fea-
tures common in high performance designs. Three classes of materials are identifi ed: maximal performance de-
signs with a total stiffness that approaches theoretical bounds at low relative densities, a high performance stretch 
dominated group, and a compliant group with high mesoscale confi gurational entropy. A variety of established 
and novel topologies are considered that largely represent the performance of stiff mesoscale ordered materials, 
eliciting a wide range of anisotropy, over the range of low to intermediate relative densities.
